Propolis is a resinous substance collected by honeybees from certain plant sources. The components of propolis depend on the vegetation of the area in which apiculture is practiced. In Brazil, there are several types of propolis including 'green,' 'red' and 'brown'. Brazilian brown propolis from the state of Parana characteristically includes diterpenes, and we discovered a novel clerodane diterpene, rel--diacetate 6-benzoate (3) and five known diterpenes (1, 2, 4, 5 and 6) . The chemical structure of the novel diterpene 3 was determined using 1D-and 2D-NMR spectroscopic analyses. Furthermore, the activities of the isolated diterpenes on growth inhibition of several human cancer cell lines (LNCaP, MCF-7, DLD-1 and A549) were evaluated in vitro; diterpene 3 exhibited a potent inhibition of cell growth, and its activity was approximately 15 times higher than that of the other diterpenes.
Propolis, which is collected from buds or exudates of certain plants by honeybees, is a natural resinous component of beehives. Propolis is used to seal unwanted open spaces and cracks in hives; to prevent the ingress of rain, wind, and light; and to protect the bee colony against intruders such as ants, viruses, fungi and bacteria [1] . Propolis is used in folk therapies to promote health maintenance in many countries and has various biological and physiological activities, such as antibacterial [2, 3] , antiviral [3, 4] , antiinflammatory [5] and anticancer [6] properties. Components of propolis depend on the plant source and the area where apiculture is practiced [7] . For instance, in temperate regions such as Europe, China, North America, and Uruguay, the most common plant from which propolis is obtained is poplar (Salicaceae); poplar plants contain many types of flavonoids and phenolic acid esters [8] . In contrast, the propolis from southeastern Brazil, called Brazilian green propolis, most commonly originates from Baccharis dracunculifolia DC (Asteraceae), which is native to Brazil [7, 9] . The ethanol extract of Brazilian green propolis includes prenylated derivatives of p-coumaric acid [7, 9, 10] as principal ingredients. In Japan, there is currently a major market for Brazilian green propolis from the state of Minas Gerais because of its good quality, stable supply throughout the year, deep green color and herb-like scent [11] . In Brazil, in addition to green propolis, there are other types of propolis called 'red' and 'brown' [12] . The state of Parana in southern Brazil used to be one of the major production areas of propolis, and brown propolis from this area has been reported to have an anticancer effect [13, 14] ; however, few studies have been conducted in recent years. In the present study, we analyzed Brazilian brown propolis from the state of Parana (hereafter called Parana propolis), isolated its characteristic ingredients after ethanol extraction and evaluated its anticancer activities in vitro.
The ethanol extract of Parana propolis was chromatographed on a silica gel column followed by preparative HPLC with a C 18 column, and an unknown compound 3 and five known compounds (1, 2 and 4-6) were found to be the major ingredients. Compounds 1, 2, 4, 5 and 6 were identified as isocupressic acid [15] , 15-acetoxy- isocupressic acid [16] , (E)-communic acid [17] , (Z)-communic acid [17] , and abietic acid [18] , respectively, by comparison with appropriate analytical values reported in the literature [15] [16] [17] [18] ( Figure 1 ). Compounds 1, 2, 4 and 5 are labdane-type diterpenes, which have also been isolated from other Brazilian propolis [10, 19] . The gHMBC spectrum exhibited correlations of H-11/C-9, C-10, C-12 and C-13; H-14/C-12, C-13 and C-16; and H-15/C-13, revealing that this side chain is located at the C-9 (δ 38.1) position ( Figure 2 ). The configuration of C-12, 13 revealed a double bond due to the presence of E and Z forms, such as the caseobliquin and casearin series of clerodane diterpenoids [20, 21] . On the basis of the NOESY correlation between H-12 and H-14, it was determined that the diene takes an E configuration ( Figure 2 ). The benzoate group was located at C-6 (δ 74.6) on the basis of gHMBC correlations between the oxymethine proton H-6 and the carbonyl carbon (δ 165.4, C-1') of the benzoate group. The H-18 (δ 6.67) and H-19 (δ 6.87) protons were correlated to the carbonyl groups at δ 169.5 and 169.3, respectively.
The relative stereochemistry of all seven chiral centers (C-5, C-6, C-8, C-9, C-10, C-18 and C-19) of compound 3 was assigned based on the coupling constants of each proton and the NOESY spectrum (Table 1 and Figure 2 ). The J values of 13.2 and 6.8 Hz for the coupling of the H-10 proton to the H-1 proton revealed that H-10 has an α-axial orientation. Furthermore, NOESY correlations between H-11/H-19, H-7α/H-19, H-10/H-12, and H-10/H-20 suggested that the diene side chain (C11 to C16) has an α-axial orientation and that the A/B ring junction possesses the cis configuration. In addition, even though the 1,3-diaxial NOESY correlation between H-8 and H-6 was difficult to determine due to overlap with other protons measured in the CDCl 3 solvent, their NOESY correlation was clearly observed in the CD 3 OD solvent. Therefore, the C-8 methyl group (C-17) and the C-9 methyl group (C-20) were determined to be in an equatorial position, resulting in the trans configuration. The acetal proton H-19 was also assigned a β-orientation based on its NOESY correlation with H-11, H-7α, and the benzoate group H-3'/H-7' (δ 8.12). In addition, the acetoxy group at C-19 had an α-orientation based on a NOESY correlation between the olefinic protons H-14 and H-12. The other acetal proton H-18 was assigned a β-orientation based on NOESY correlations and was correlated with the benzoate group H-3'/H-7' but not with the H-19 proton.
Based on these data, the structure of compound 3 was determined to be rel- (5S,6S , but they did not find the diterpenes that were isolated in this study. 
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The contents of compounds 1 to 6 isolated from the Parana propolis extract in the present study, in mg/g of solid, were as follows: 117.9 for compound 1, 77.9 for compound 2, 12.7 for compound 3, 90.9 for compound 4, 93.7 for compound 5, and 82.4 for compound 6. The diterpenes accounted for nearly half of the overall solid content of the extract, and, therefore, Parana propolis is characterized as a rich source of diterpenes. The labdane-type diterpenes, such as compounds 1, 2, 4 and 5, have also been found in Araucaria spp. [10, 19, 23] , and the existence of the clerodane-type diterpene compound 3 indicates, for the first time, that Flacourtiaceae such as the genera Casearia, Laetia and Zuelania are likely to be the botanical origin of Parana propolis. Propolis rich in diterpenes has only been found in the Mediterranean area [24] , but not in Brazil. [27] . In the present study, we confirmed the existence of greenish, green tinged with brown, and brown propolis from the state of Parana. The Parana propolis used in this study is considered to correspond to previously distinguished propolis types, such as Brazil-B1, SI and Group C, but no reports have shown that diterpenes are a main ingredient in any type of propolis [25] [26] [27] . However, the ESI-MS negative ion markers at m/z 301, 319 and 361, which were detected by Sawaya et al. in two brown types of propolis [25] , appear to indicate the presence of diterpene compounds 4, 1 and 2.
As for the bioactivity of the Parana propolis extract, we investigated the effects of the isolated compounds (1-6) on cell growth inhibition of several human cancer cell lines in an in vitro study, assuming that propolis rich in diterpenes would have anticancer properties [13] . As shown in Table 2 , all the diterpene compounds (1-6) isolated from the Parana propolis extract possessed growth inhibitory activity against the following human cancer cell lines: LNCaP (prostate adenocarcinoma), MCF-7 (breast adenocarcinoma), DLD-1 (colon cancer), and A549 (lung carcinoma). Interestingly, the novel diterpene, compound 3, was found to be approximately 20-fold more potent than the other known diterpenes, with IC 50 values ranging from 6.2 to 12.7 µM. Judging from its potency and content, the novel diterpene may only contribute to the inhibitory effect of the Parana propolis extract on tumor growth in the present in vitro study. The clerodane-type diterpenes, the skeletal structures of which are similar to that of compound 3, are known to possess cytotoxic activity against tumor cells [20] [21] [22] 28] . For example, Hayashi et al. reported that bucidarasins A-C, which are clerodane-type diterpenes from Bucida buceras, have potent cytotoxicity with broad-spectrum activity against human tumor cell replication [28] . In this report, the IC 50 values of bucidarasins ranged from 0.5 to 1.9 μM against nine human tumor cells, and therefore, bucidarasins seem to be more potent at inhibiting the growth of human tumor cells than the clerodane-type diterpenes found in this study, including the novel diterpene compound 3. In addition, this report indicated that substituents at C-2, C-6, and C-9 can affect the cytotoxic activity of clerodane-type diterpenes and that an acetal moiety is essential for Furthermore, several clerodane diterpenoids isolated from Casearia species have been reported to possess various properties such as anti-ulcer, anti-inflammatory, antitoxic effects on snake venom, and antitumor activities [29] . Thus, further studies are necessary to clarify the bioactivity of the Parana propolis extract and its ingredients, especially the newly discovered clerodane diterpene, and to investigate the chemical composition and plant sources of propolis from the state of Parana in detail.
Experimental
General: Optical rotations were measured using a SEPA-500 polarimeter (HORIBA Ltd., Kyoto, Japan) and circular dichroism (CD) spectra were recorded on a JASCO J-820 spectropolarimeter (JASCO Corp., Tokyo, Japan). Ultraviolet (UV) and infrared (IR) spectra were measured with a Shimadzu UV-1240 (Shimadzu Corp., Kyoto, Japan) and an Agilent 600-IR spectrophotometer (Agilent Technologies, Santa Clara, CA), respectively. Nuclear magnetic resonance (NMR) spectra were taken with a JEOL ECS400 NMR spectrometer (JEOL Ltd., Tokyo, Japan) using tetramethylsilane (TMS) as an internal standard. Direct analysis in real time (DART) mass spectrometry (MS) measurements were conducted using an AccuTOF mass spectrometer (JEOL Ltd., Tokyo, Japan). Electrospray ionization (ESI)-MS was performed using a Xevo G2 QTof mass spectrometer (Waters Corp., Milford, MA, USA) with a mobile phase of 0.1 mM ammonium acetate. Column chromatography was performed with silica gel (silica gel 60, Merck KGaA, Darmstadt, Germany) and a reversed-phase silica gel column (Chromatorex ODS DM1020T, Fuji Silysia Chemical Ltd., Kasugai, Japan). Preparative high-pressure liquid chromatography (HPLC) was performed using a Develosil HG-5 column (10 × 250 mm i.d., 5 µm, Nomura Chemical Co., Ltd., Seto, Japan), a JEOL PU980 pump (JEOL Ltd., Tokyo, Japan) with a mobile phase flow rate of 4.0 mL/min, and a JEOL UV970 detector at a wavelength of 205 nm. In addition, an ultra-pressure liquid chromatography (UPLC) system (ACQUITY UPLC H-Class, Waters Corp., Milford, MA, USA) with a 2.1 mm ID × 50 mm ACQUITY BEH-C 18 (5, 13 .6 mg), while Fr. C (5.57 g) was rechromatographed on a silica gel column with n-hexane/acetone (10:1 to 5:1 and 5:1 to 0:1) elution and yielded 6 sub-fractions (Fr. C-1 to C-6). Fr. C-1 (3.45 g) was further separated on an ODS column (3.5×21 cm) with 90% MeOH to yield 6 sub-fractions (Fr. C-1-1 to C-1-6). Then, Fr. C-1-3 (780.8 mg) was fractionated by preparative HPLC with CH 3 -(5S,6S,8R,9R,10S,18R,19S)-18,19-Epoxy-2 6) were prepared to construct their calibration curves. These compounds were analyzed by a UPLC system with an ACQUITY BEH-C 18 column. The chromatography was performed at 40°C in gradient elution mode under the following conditions: solvent A was water containing 0.1% phosphoric acid, and solvent B was acetonitrile containing 0.1% phosphoric acid; the gradient was 30-80% B from 0 to 10 min and 80% B from 10 to 14 min at a flow rate of 0.4 mL/min. Detection by diode array (ACQUITY UPLC PDA) was performed at 230 or 205 nm. The UV spectra were recorded in the 200-400 nm range. The concentration of each compound obtained from Parana propolis was determined using linear calibration curves based on peak areas.
Cytotoxicity assay:
The inhibitory activities of the isolated diterpenes (1-6) were evaluated based on proliferation of the following tumor cell lines: LNCaP (human prostate cancer), MCF-7 (human breast cancer), DLD-1 (human colon cancer) and A549 (human lung cancer). LNCaP, MCF-7 and DLD-1 were maintained in RPMI 1640 medium and A549 cells were maintained in Dulbecco's modified Eagle's medium (DMEM), supplemented with 10% fetal bovine serum (Thermo Fisher Scientific Inc., Waltham, MA), at 37°C with 5% CO 2 . The cells were seeded in 96-well plates in which they were suspended in 100 µL of medium at either 1.0×10 4 cells/well or 0.5×10 4 cells/well. After being cultured for 24 h, each cell was treated with the propolis extract or its ingredients at various concentrations in the medium. The proliferation of the tumor cells was quantified by measuring the ability of the living cells to reduce tetrazolium salt (WST-8) using the Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan). After incubation for 24 h, the medium was replaced with fresh medium containing 10% CCK-8, and 1 h later, the absorbance of the formazan product was measured spectrophotometrically at a wavelength of 450 nm using a microplate reader (PowerScan HT, DS Pharma Biomedical Co., Ltd., Osaka, Japan). The IC 50 values were determined by nonlinear regression analysis for the inhibition of cell proliferation using the GraphPad Prism 5.02J program (GraphPad software Inc., La Jolla, CA).
Supplementary data: 1 H, 13 C, 1 H-1 H COSY, HMQC, HMBC, and NOESY spectra for compound 3.
